Periprocedural anticoagulation management for
thoracentesis, pleural biopsy, and needle aspiration biopsy
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Part 3: Thoracentesis, pleural biopsy, and needle aspiration biopsy

Background

* Increasing numbers of patients undergo these procedures whi
le receiving
« Anticoagulants (warfarin, DOACs, heparins)
* Antiplatelet agents (aspirin, P2Y12 inhibitors)

* Clinicians must balance:
* Bleeding risk during the procedure
» Thromboembolic risk associated with drug interruption
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Background

* Current guidelines
» 2019 SIR statements

STANDARDS OF PRACTICE

o &

Society of Interventional Radiology
(@ Consensus Guidelines for the Periprocedural
Management of Thrombotic and Bleeding
Risk in Patients Undergoing Percutaneous
Image-Guided Interventions—Part |
Recommendations

Endorsed by the Canadian Association for Radiology and the and
Interventional Radiological Society of Europe
Indravadan J. Patel, MD, Shiraz Rahim, MD, Jon C. Davidson, MD, Sue E. Hanks, MD,
Alda L. Tam, MD, T. Gregory Walker, MD, Luke R. Wilkins, MD, Ravi Sarode, MD, and

Ido Weinberg, MD

Tal

Screening Coagulation

Laboratory Test

Low bleeding risk

PT/NR: not routinely
recommended
Platelet

Procedure-Associated Bleeding Risk Categori

Procedures

not routinely recommended
Thresholds

IR corect v raige
of <

Pva(elets s transfuse

if < 20 x 10°L

Catheter exchanges biliary, abscess, including
gastrojejunostomy conversions)
Diagnostic and arterial heral, sheath < 6 F, embolotherapy*

peripl

Diagnostic venography and select venous interventions: pelvis and extremities
Dialysis access interventions

Facet joint injections and medial branch nerve blocks (thoracic and lumbar spine)
IVC filter e

Lumbar pun

Nontunnelod ohest twbe placement for pleural effusion

Nontunneled venous access and removal (including PICC placement)
Paracentesis

Penpnem nerve blocks, joint, and musculoskeletal injoctions®

Sacr ction and sacral lateral branch blocks

Suporficial abscose drainage or blopey (palpable lesion, ymph node, softtissue, breast,
rficial bone, eg, extremities and bone marrow aspiration)

Transjugular liver biopsy’

Trigger point injections including piriformis®

Tunneled drainage catheter placement’

Tunneled venous catheter placement/removal fincluding ports) *

38) (continued)

Coagulation

Laboratory Test

High bleeding risk

PT/INR: routinely recommended
Pl

Procedures

Abatons: sold organs, bone, sot tssue, ling

routinely.

al > 7-F sheath, aortic, pelvic, mesenteric, CNS'

Th resholds'

range of

Platelets: transfuse if < 50 x
109

Bm (including ube placement)

Cathotor diected thrombolysis (DVT, P, portal veini*+

Deep abscess drainage (eg, lung parenchyma, abdominal, pelvic, retroperitoneal)

Deep nancren Fogsies leg, spine, soft tissue in intraabdominal, retroperitoneal, pelvic
compartment

Gasmswmv/gasme.unosmmv placement

IVC filter removal compl

pine procedures with risk of spinal or epidural hematoma
(eg, kyphoplasty, vertebroplasty, epidural injections, facet blocks cervical spine)*
Transjugular intrahepatic portosystemic shunt'*
Urinary tract interventions (including nephrostomy tube placement,
ureteral dilation, stone removal)
fenous i i

and CNS

Society of Interventional Radiology (SIR) 2019 consensus statement
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Background

* Current guidelines
» 2019 SIR statements

STANDARDS OF PRACTICE

) Society of Interventional Radiology
2=z Consensus Guidelines for the Periprocedural
Management of Thrombotic and Bleeding

Risk in Patients Undergoing Percutaneous
Image-Guided Interventions—Part II:
Recommendations

Endorsed by the Canadian Association for Radiology and the and
Interventional Radiological Society of Europe

Indravadan J. Patel, MD, Shiraz Rahim, MD, Jon C. Davidson, MD, Sue E. Hanks, MD,

Alda L. Tam, MD, T. Gregory Walker, MD, Luke R. Wilkins, MD, Ravi Sarode, MD, and
Ido Weinberg, MD

Table 6. Manogement R nd Antipltelat Agents
e Low Risk for Blseding High Risk for Bleding”
Anticoagulans.
UFH
Wibhalding D0 not wihhold Withhold 1V heparin for 4-6 h beforo procedare; chack sPTT
- Xa lovo: for BID or TID dosing of SC hoparin, procedure may be
1 6 h aftr tas dose
Reinitaton na s8h
LMWH: enoxaparin (Loveno), datieparin (Fragmin)
Withnolding & ihold 1
24 1 before procedure if therapoutic dose is used; chock antXa love i
ronal uncion impaired; dakaparin, withhold 1 dose before procedure
Reinitiation nA 12h
continued
Medication Low Risk for Bleeding High Risk for Bleoding®
gt i}
Do not withhald Withhold 273 d (€(C1 > 50 mUmin) or 3-5 d (CeCl < 60 mUmin)
NA 2h
Do not withhold Withiold 2-4 b befors procedure’; ek aPTT
NA a6h
Do not withhald Wihiold 2-4 b befora procedure’; chack aPTT
NA aen
cin
Winholding Target INR < 3.0'; considor <1 aing
bridging for high cases; i STAT ar omargont, use roversal agent
thrombosis i
Raintation NA or ey rifiaion  Resume dey s procadre: ih hrombonl ik casesmay bt rom
and
reversal agent used along with vitamin K
Apixaban (Eliquis)
olding 00 not wihhold Withhold & doses (CIC1 > 50 mUmin) or 6 dosos (CrCl < 30-50 mUminl: f

consider checking anti-Xa aciviy or apixaban level especially with
impaired renal function
an

Reiniiaior N
Betrixaban (Bovyoa)
Withhold 00 not wihhold Withhold for 3 doses (1131 f procadure is STAT or emergent, use reversal
aniXa e
impsired ranal funciion
Rointia N 2h
oubigsran wum.x
Withhold D0 not wihhold Wihihold 4 doses (CrCl > 50 mUmin) or 6-8 doses (CrCI < 30-50 muminl: i
rocedure is STAT or emargent, use foversal agen (idarucizamab):
consider checking thrombin time or dabigatran level with impaired renal
funciion
N "
Edoxaban (Savayss)
Wihholding D0 not wihhold Withold for 2 doses; i procedure is STAT or emergent, uss ravarsal agent
renal function
Reintiaton na 2h
Fvaoraban Carsho
olding Do not wihhold Defor procedure unil off medication for 2 doses (CrCl > 50 mUmin, 2 doses
(CCl < 30-50 mLimin), or 3 doses (C1CI < 15-30 mLiminl; i procedure is
STAT or emergent, use reversal agent (sndexane alfal; consider checking
Reintiaton na 2h

Society of Interventional Radiology (SIR) 2019 consensus statement
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Background

* Current guidelines

» 2019 SIR statements
» Broad recommendations across image-guided procedures
+ Primarily based on expert consensus and indirect evidence
+ Guidance largely pharmacokinetic-based
* No pooled estimates of bleeding risk

Society of Interventional Radiology (SIR) 2019 consensus statement
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Background

. C urre nt g u | d el | nes Clotting disorders and anticoagulation

> Non-urgent pleural aspirations and chest drain inser-

. i 1 1 tions should be avoided in anticoagulated patients until
201 O BTS pleu ral d Isease g u Idel Ine international normalised ratio (INR) <1.5. (C)
. — 1 Patients known to be receiving anticoagulants or in whom there
Expert-based recommendations g g

L. . is a suspected coagulopathy (eg, liver failure) should have their
+ Limited data on anticoagulant management  prothrombin time (PT) or international normalised ratio (INR)
measured prior to a non-urgent pleural procedure. In the case of
a tension pneumothorax, it may be necessary to insert a drain
first before correcting an abnormal INR. McVay et al’ retro-
ST spectively reviewed 608 cases undergoing paracentesis or pleural
aspiration and found that mild c%agulopathy, defined as an INR
. . v <1.5 or platelet counts 50—99 10”/1, did not adversely affect the
Pleural procedures and thoracic ultrasound: British Sk o bloeding it & (ol i hasmaglobitrof 9:g/dl Accuming 1
Thoracic SOCIEty pleural disease gwdellne 2010 only 3.1% and 0.2% requiring transfusion.

If a patient has abnormal coagulation and requires an invasive
pleural procedure, the advice of the local haematologist should
be sought regarding the correct action needed to normalise the
clotting.

Tom Havelock," Richard Teoh,? Diane Laws,® Fergus Gleeson,* on behalf of the BTS
Pleural Disease Guideline Group

Thorax. 2010 Aug:65 Suppl 2:ii61-76.
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Part 3. PICO questions

Q1. In patients undergoing thoracentesis, does temporary interrupt
ion of anticoagulant therapy, compared with continuation, affect the
risk of bleeding or thromboembolic events?

Q2. In patients undergoing pleural biopsy, does temporary interrup
tion of anticoagulant therapy, compared with continuation, affect th
e risk of bleeding or thromboembolic events?

Q3. In patients undergoing needle aspiration biopsy, does tempor
ary interruption of anticoagulant therapy, compared with continuati
on, affect the risk of bleeding or thromboembolic events?
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Part 3. PICO questions

gs

P (Population)

I (Intervention)

C (Comparison)

O (Outcome)

Li&

Thoracentesis (Q1) or pleural biops
aspiration biopsy (Q3) & Al&=
(anticoagulants)E =58 ¢l 2HAt

Az © 819 LAl Bthtemporary interruption of an
ticoagulant therapy)

a8 H| X|% =8 (continuation of anticoagulant therapy)

1%} 28 2B (bleeding events, procedure-related bleedi
ng) 2Xt & MM (thromboembolic events)
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STHE (gE 5% / Seaad 98 A oe 201 48 59)

("thoracentesis"[Title/Abstract]

OR "pleural aspiration”[Title/Abstract]

OR "pleural catheter drainage"[Title/Abstract]

OR "pleural percutaneous catheter drainage"(Title/Abstract])

OR "pleural biopsy"[Title/Abstract]

OR "pleura biopsy"[Title/Abstract]

OR "pleural needle biopsy"[Title/Abstract]

OR "medical thoracoscopy"[Title/Abstract]

OR "pleuroscopy”[Title/Abstract])

OR "transthoracic needle biopsy"[Title/Abstract]

*Patient/Population/Pr | OR "transthoracic needle aspiration"[Title/Abstract]
oblem OR "percutaneous lung biopsy"[Title/Abstract]

oA EB 2xshA (@RCHA/2R) OR "percutaneous core needle biopsy"[Title/Abstract]

OR "percutaneous core needle aspiration”[Title/Abstract]

OR "lung needle biopsy"[Title/Abstract])

Patient/Population/Problem | Patients receiving anticoagulants undergoing
(ARCHA/2H) thoracentesis, pleural biopsy, needle aspiration biopsy AND

(humans[Mesh] AND adult[Mesh])

Intervention Temporary interruption of DOAC prior to procedure
K2 : 3H) NOT
i ' ) o (case reports OR editorial)
Comparison Different interruption intervals (e.g., 24 h vs 48 h vs >72 h) Int m £
[CRE T e yention s els
K=Y : S
) . Comparison
Qutcome procedure-related bleeding, major bleeding, thromboembol (HIR X|2H)
(F)) ic events (recurrent VTE, ischemic stroke), Mortality Outcome Hemorrhage OR bleeding OR haemorrhage OR hemothorax OR hae
(Z3h mothorax
Douketis, J.D,, et al., Perioperative Management of Antithrombotic T
herapy: An American College of Chest Physicians Clinical Practice Gu
Key Article ideline. Chest, 2022.
Sy H2H Youness, HA, et al, Management of oral antiplatelet agents and ant

icoagulation therapy before bronchoscopy. J Thorac Dis, 2017. 9(Sup
pl 10): p. 51022-51033
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No. Search Query

#1 [|'Thoracentesis'[Mesh]

= (hufac?nlES\SU\AE] OR thu:’acentesesi"ﬂAE] OR pleurocentesis[TIAB] OR pleurocenteses{TIAB] OR "chest|
aspiration™[TIAB] OR "pleural aspiration="[TIAB] OR thoracocentesis(TIAB] OR thoracocenteses[TIAB]

#3 #1 OR #2

#4  |'Pleura’[Mesh] OR "Pleural Diseases"[Mesh]

%5 |pleura[TiAB] OR pleural[TIAB] OR transthoracic[TIAB]

%6 |'Drainage"[Mesh:NoExp] OR "Paracentesis'[Mesh-NaExp] OR "Biopsy, Needle"[Mesh]

47 |dréinagelTIAB] OR paracentesis[TIAB] OR biopsy[TIAB] OR needle-biopsy[TIAB] OR needle-
aspiration{TIAB]

#8 (#4 OR #5) AND (#6 OR #7)

=9 "Thoracoscopy"{Mesh]

=10 thoracoscop*[TIAB] OR pleural-endoscop*[TIAB] OR pleuroscop™]

*11 #9 OR #10

=12 "Respiratory Tract Diseases’[Mesh] OR "Respiratory System'[Mesh]

=13 lung(TIAB]

=14 "Biopsy, Meedle"[Mesh]

415 |PiopsyITIAB] OR needle-biopsy[TIAB] OR needle-aspiration[TIAB] OR "percutaneous biopsy'[TIAB=~3]
OR "percutaneous needle"[TIAB:~3]

#16 (#12 OR #13) AND (#14 OR #15)

#7 #3 OR #8 OR #11 OR #16

#18  |'Hemothorax"(Mesh]

410 hemorrhag”(TIAB] OR haemorrhag”[TIAB] OR bleeding*(TIAB] OR hemothorax(TIAB] OR
haemothorax(TIAB]

#20 #18 OR #19

#21 #17 AND #20

#22 #21 NOT i NOT i AND

423 |22 NOT (C"Child"[Mesh] OR "Infant"[Mesh] OR “Adolescent‘[Mesh]) NOT ("Adult’{Mesh] AND
("Child"[Mesh] OR “Infant"[Mesh] OR ". [Mesh]))

#24  |#23 NOT (Editorial[PT] OR "Case Reports”[PT])
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Screening

PRISMA Screening Z1t 29

Fey
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1% Al 200514 0|7 =2 Hel TS
20054 0| =2 7383

2%t Mgl 32 =2 M9 f 263
E5 X 7 Ad2d A 7120

3% XS M9l Case Report r 104
Non-English f 723

2 0f(Pediatric) r 236

Surgical Biopsy / VATS [ -1333

Conference Abstract [ -127

Non-human f 11

Review Article [ -1023

Traumatic Hemothorax 4|2 % Thoracentesis f 9
Thoracentesis/Pleural Biopsy/PCNB 22 S

HE A} ESER (AdEly B3 470
Q1 Thoracentesis 127

Q2 Pleural Biopsy 9

Q3 PCNB 265
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Screening (Q3: needle aspiration biopsy)

Q3. In patients undergoing needle aspiration

* Title and abstract screening (265 articles) biopsy . doss  temporary  interrution of

anticoagulant therapy , compared with
continuation, affect the risk of bleeding or

* Articles eligible for full-text review thromboembolic events?
+ 148 articles

* Excluded

+ Case reports/case series: 9

* Learning curve or initial experience studies: 2

* Non-human studies: 2
Studies not evaluating bleeding outcomes: 59
Studies not relevant to the research question: 36
Review articles: 7
Duplicate records: 2
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Screening (Q1 thoracentesis; Q2 pleural biopsy)

| ®EE 23 (B 47): SSH £0| SRt A& M S YN 23 Q1. In patients.undergqing thorgcentesis,
does temporary interruption of anticoagulant
therapy, compared with continuation, affect
I 25 29 (& 1170) the risk of bleeding or thromboembolic
1 SEATT £0] AT 4 events?
2. 3O X|&# A5
3. EA™ gME o) Q2. In patients }Jndergo!ng pleurgl biopsy,
SAH YYE &7 does temporary interruption of anticoagulant
therapy, compared with continuation, affect
. 253 231 AFR 28 (3192 7H) the risk of bleeding or thromboembolic
152 4y U ot By oS events?
2. Case Reports and Case Series : 9
3.8 QA CHE I AME RN 17
4. LA Z/=E0 7|7|12) 858F A TEE & : 56
5. 57 Taho| 40| ozt U Mskerx el 4al : 81
6. 8% R&E SME: 14
7.8 8910
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Outcomes

* Primary outcomes
* Any bleeding
* Major bleeding

* Secondary outcomes
» Minor bleeding

* Hemothorax

* Hemoptysis

* Other site bleeding

* Any VTE event

* Deep vein thrombosis
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Z CHEST TABLE 2 ] Sugges(ed Risk Stratification for Procedural Bleed Risk, Based on ISTH Guidance Statements

[ Education and Ciinical Practice Guidelines and Consensus Statements |

bl *(30-d risk of | Major surgery with extensive tissue injury

major bleed = 2%) Cancer surgery, especially solid tumor resection (lung, esophagus,
gastric, colon, hepatobiliary, pancreatic)

Major orthopedic surgery, including shoulder replacement surgery

Perioperative Management of ® oo Reconstructive plastc surgery
B : ajor thoracic surgery
Antithrombotic Therapy Urologic or GI surgery, especially anastomosis surgery
An American College of Chest Physicians Clinical Practice Guideline Transurethral prostate resection, bladder resection, or tumor ablation

Nephrectomy, kidney biopsy
Colonic polyp resection

Jarmes . Doukels CCP; Alex C. SWW s, 10, CCP; . Hossan trad, MO, i o 1. A, HO;
vilam E. Dage iD; Andrew'S. 19H; Rermiz A. Fargo, MD, ferrole H. Levy, MD; Bowel resection X
C. Marc Samarme, MD; Sahr 55, mmw W. Sherwood, MD; Alfonso . Tafr, M g V. Tang, MD; placement,

retrograde cholangiopancreatography

Surgery in highly vascular organs (kidneys, liver, spleen)
Cardiac, intracranial, or spinal surgery

Any major operation (procedure duration > 45 min)
Neuraxial anesthesia”

Epidural injections

K. Mo

L bleed 9 Arthroscopy

(30-d risk of major bleed 0%-2%) Cutaneous/lymph node biopsies
Foot/hand surgery
Coronary angiography”
GI endoscopy + biopsy
Colonoscopy = biopsy
Abdominal hysterectomy
Laparoscopic cholecystectomy
Abdominal hernia repair
Hemorrhoidal surgery
Bronchoscopy + biopsy

1-bl k (30-d Minor i (excision of basal and squamous cell
risk of major bleed approximately 09%) skin cancers, actinic keratoses, and premalignant or cancerous skin
nevi)
Ophthalmologic (cataract) procedures
Minor dental ental
endodontics), dental cleanlngs fillings
Pacemaker or device

Chest. 2022 Nov;162(5):e207-e243.
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Lowo-moderat- ot [ ]
WO |

Warfarin®

LMWH*

Warfarin*®
/

Direct Oral | Procedure

Pre-Procedure DOAC Interruption

Post-Procedure Resumption*

Bleeding
Risk

Day -6

Day-5

Day -4

Day -3 | Day -2 | Day -1 Day +1| Day +2| Day +3| Day +4

High

—

Apixaban

Low/Mod

Dabigatran High

(CrCl > 50
ml/min)

Low/Mod

i__,

High

Low/Mod

High

Surgery/Procedure (Day 0)

Low/Mod

High

| LowMod

[] No DOAC administered that day

“DOAC can be resumed 24 hours after low/moderate-bleed-risk procedures, and 48-72 hours after high-bleed-risk
procedures. In selected patients at high risk for VTE, low-dose anticoagulants (..., enoxaparin, 40 mg daily or
dalteparin, 5,000 1U daily) can be given for the first 48-72 hours post-procedure.

Figure 2 ~ Perioperative management of direct oral anticoagulants (DOAC). CrCl = creatinine clearance.

Chest. 2022 Nov;162(5):e207-e243.
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Preliminary results (Q3: needle aspiration biopsy)

" N . Study Events Total Proportion (%) Proportion 95%-Cl Weight
Q3. In patients undergoing needle aspiration

H H T Kallenberg, M. H. et al., 2009 53 #—+— 1.89 [0.05;10.07] 1.6%
bi psY ! does temporary Interruptlon . of Shi, J. M. et al., 2009 16 ——8— 18.75 [4.05;4565] 2.5%
anticoagulant  therapy , compared with Choi, M. J. etal., 2012 99 @ 202 [025 7.11]  23%

continuation, affect the risk of bleeding or Li, Y. etal, 2013 169 = 17.75 [12.31;24.36]  4.0%

Do
a8 uuBEnw
@

L
>

° Song, Y. S. etal., 2013 1 951 [8.00;11.20] 4.2%
thromboembolic events? Jiao, D. C. etal., 2014 110 #— 6.36 [260;1267] 3.4%
Liu, S. etal., 2015 69 —m— 10.14 [4.18;19.79)  3.4%
Digumarthy, S. R. et al., 2016 20 74 _ 27.03 [17.35,3861]  3.8%
Jiao, D. C. etal., 2016 60 —@— 833 [276;18.39] 3.1%
Wang, Y. et al., 2016 329 1484 = 2217 [20.08;2437]  4.2%
B Chassagnon, G. et al., 2017 45 249 = 18.07 [1350;2342]  4.1%
° A bI d Grage, R. A. etal,, 2017 9 200 & 450 [208; 837) 3.6%
ny ee |n9 Chen, C. H. etal, 2018 2 233 & 9.44 [601;1395] 3.9%
Guo, Y. Q. etal,, 2018 52 648 B 8.02 [6.0510.39] 4.1%
o:| A|.o OI‘I‘i (@) E Jeon, M. C. etal., 2018 26 244 B 1066 [7.08;15.22] 4.0%
( oo = Ji, Z etal., 2018 2 56 ®— 357 [044;1231] 23%
Lee, H. N. etal.,, 2018 52 1735 300 [2.25 391 4.1%
Ol I .U.ﬂ*' I| K d x-" 9') Ahn, J. H. etal.,, 2019 15 239 = 6.28 [35510.14] 3.8%
Berger-Richardson, D. et al., 2019 7 203 @ 345 [1.40; 6.98] 3.4%
Tongbai, T. et al., 2019 19 894 B 213 [1.28; 330] 3.9%
Yoon, S. H. etal, 2019 550 10568 [ 520 [4.79; 565] 4.3%
Park, J. et al., 2024 84 41870 201 [1.60; 248] 4.2%
Zhou, Y. et al., 2024 6 213 B 282 [1.04; 6.03] 3.3%
Johansen, K. B. et al., 2025 28 511 = 548 [3.67; 7.82] 4.0%
Sasani, M. R. et al., 2025 3 87 W 345 [0.72; 9.75] 2.7%
Hu, M. et al., 2026 31 307 10.10 [6.96;14.03]  4.0%
Jang, S. etal., 2026 128 1389 [ 922 [7.75,10.86] 4.2%
Sayani, R. et al., 2026 1105 —H— 1048 [5.35,17.97] 3.6%
Random effects model 25548 & 710 [5.25; 9.53] 100.0%
Heterogeneity: 1 = 96.9%, 7* = 0.5800, p < 0.0001

0 10 20 30 40 50 60
Bleeding Rate (%)



Part 3: Thoracentesis, pleural biopsy, and needle aspiration biopsy

Preliminary results (Q3: needle aspiration biopsy)

Q3. In patients undergoing needle aspiration
biopsy , does temporary interruption of
anticoagulant  therapy , compared with
continuation, affect the risk of bleeding or
thromboembolic events?

* Hemoptysis

Study

Kallenberg, M. H. et al., 2009
Shi, J. M. et al., 2009

Choi, M. J. et al., 2012
Song, Y. S. etal.,, 2013
Jiao, D. C. etal., 2014

Liu, S. etal,, 2015
Digumarthy, S. R. et al., 2016
Jiao, D. C. et al., 2016
Wang, Y. et al., 2016
Chassagnon, G. et al., 2017
Grage, R. A. etal., 2017
Chen, C. H. etal,, 2018
Guo, Y. Q. etal., 2018
Jeon, M. C. etal., 2018

Ji, Z etal., 2018

Lee, H. N. etal., 2018
Ahn, J. H. etal,, 2019
Tongbai, T. et al., 2019
Yoon, S. H. etal., 2019
Park, J. et al., 2024

Zhou, Y. et al., 2024
Johansen, K. B. et al., 2025
Sasani, M. R. et al., 2025
Hu, M. et al., 2026

Jang, S. et al., 2026
Sayani, R. et al., 2026

Random effects model

Events

Total Proportion (%)

213 &

51 B

87 #—
307 A&
1389
105 ——

25176 _ &
Heterogeneity: /2 = 96.7%, 1 = 0.5343, p < 0.000
0

10 20 30 40 50 60
Bleeding Rate (%)

Proportion

1.89 [0.05;10.07)
18.75 [4.05; 45.65]
202 [0.25; 7.1
951 [8.00; 11.20]
6.36 [2.60; 12.67]
10.14 [4.18;19.79)
25.68 [16.22; 37.16]
8.33 [2.76; 18.39
20.55 [18.52; 22.70]
18.07 [13.50; 23.42]
450 [2.08; 8.37]
9.44 [6.01;13.95)
8.02 [6.05;10.39)
9.02 [5.74;13.33]
357 [0.44;12.31]
300 [2.25; 391]
544 [2.93; 9.12]
213 [1.28; 3.30]
520 [4.79; 565
201 [1.60; 248
282 [1.04; 6.03]
548 [3.67; 7.82)
345 [0.72; 9.75)
10.10 [6.96; 14.03]
922 [7.75;10.86]
857 [3.99; 15.65]

95%-Cl Weight

1.6%

6.81 [5.02; 9.16] 100.0%



Part 3: Thoracentesis, pleural biopsy, and needle aspiration biopsy

Preliminary results (Q3: needle aspiration biopsy)

Q3. In patients undergoing needle aspiration L] Hemothorax
biopsy , does temporary interruption of
anticoagulant  therapy , compared with
continuation, affect the risk of bleeding or
thromboembolic events?

Study Events Total Proportion (%) Proportion 95%-CIl Weight
Digumarthy, S. R. et al., 2016 1 74 — 1.35 [0.03;7.30] 3.0%
Wang, Y. et al., 2016 24 1484 BB 1.62 [1.04;2.40] 72.7%
Jeon, M. C. etal,, 2018 4 244 —— 1.64 [0.45;4.14] 12.1%
Ahn, J. H. etal., 2019 2 239 =— 0.84 [0.10;2.99] 6.1%
Sayani, R. et al., 2026 2 105 — 1.90 [0.23;6.71] 6.0%

Random effects model 2146 ¢ 1.56 [1.24; 1.97] 100.0%
Heterogeneity: /2 = 0.0%, t° = 0, p = 0.9201 f T 1
0 10 20
Bleeding Rate (%)




Part 3: Thoracentesis, pleural biopsy, and needle aspiration biopsy

Preliminary results (Q3: needle aspiration biopsy)

Q3. In patients undergoing needle aspiration
biopsy , does temporary interruption of
anticoagulant  therapy , compared with
continuation, affect the risk of bleeding or
thromboembolic events?

* Radiologically (CT) detected pulmonary hemorrhage

Study Events Total Proportion (%) Proportion 95%-Cl Weight
Topal, U. et al., 2005 100 284 = 3521 [29.66;41.07] 8.0%
Khan, M. F. et al., 2008 37 135 - 27.41 [20.09;35.75] 7.8%
Aktas, A. R. etal., 2015 8 94 B H 851 [3.75,16.08] 7.0%
Yin, Z. et al., 2015 14 40 —i— 35.00 [20.63;51.68] 7.2%
Ji, Z.etal., 2018 38 56 : — 67.86 [54.04;79.71] 7.4%
Wang, H. etal., 2022 18 106 —EB— i 16.98 [10.39;25.50) 7.5%
Yang, H. etal., 2023 74 125 —— 59.20 [50.05;67.90] 7.8%
Johansen, K. B. et al., 2025 135 511 = 2642 [22.64,3047] 8.0%
Sasani, M. R. et al., 2025 15 87 - 17.24 [9.98;26.84] 7.4%
Wang, Y. etal., 2025 696 1812 38.41 [36.16;40.69] 8.1%
Yao, J. etal., 2025 31 165 -/ 18.79 [13.14,25.60] 7.8%
Le, T.D. etal, 2026 84 226 ko 37.17 [30.85;43.83] 8.0%
Lingegowda, D. etal., 2026 122 169 H = 7219 [64.79;78.80] 7.9%

Random effects model 3810
Heterogeneity: /2 = 94.7%, ° = 0.8406, p < 0.0601
0 10 20 30 40 50 60 70 80 90
Bleeding Rate (%)

33.43 [22.01; 47.20] 100.0%
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Thoracentesis, pleural biopsy, and needle aspiration biopsy

Next steps

o TSHA|Z 23 0| Xo|

* Small cohort (<20 or 30)?

+ Since 20057

+ Initial experience or learning curve studies?

+ Studies without bleeding or thrombosis endpoints (but with available data)
Outcome |3}

+ Major/minor bleeding definition

+ Radiologic hemorrhage?

+ anticoagulants/antiplatelet continuation or interruption?
« Screened articles®| & 745 el I3|0|E1 ==

+ endpoint 4 3 subgroup &

. 7f0|':Ef°| (HELZA 3L O] Zho|EatRlof 2 AT X HMAl) 2y
« =& (meta-analysis and systematic review) &
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